BACKGROUND AND OBJECTIVES:
There is growing international concern that food insecurity may negatively impact antiretroviral (ARV) treatment outcomes, but no studies have directly evaluated the effect of food insecurity on viral load suppression and antiretroviral adherence. We hypothesized that food insecurity would be associated with poor virologic response among homeless and marginally housed HIV-positive ARVtreated patients.
DESIGN: This is a cross-sectional study.
PARTICIPANTS AND SETTING:
Participants were ARVtreated homeless and marginally housed persons receiving adherence monitoring with unannounced pill counts in the Research on Access to Care in the Homeless (REACH) Cohort.
MEASUREMENTS:
Food insecurity was measured by the Household Food Insecurity Access Scale (HFIAS). The primary outcome was suppression of HIV viral RNA to <50 copies/ml. We used multivariate logistic regression to assess whether food insecurity was associated with viral suppression.
RESULTS: Among 104 participants, 51% were food secure, 24% were mildly or moderately food insecure and 25% were severely food insecure. Severely food insecure participants were less likely to have adherence >=80%. In adjusted analyses, severe food insecurity was associated with a 77% lower odds of viral suppression (95% CI=0.06-0.82) when controlling for all covariates. In analyses stratified by adherence level, severe food insecurity was associated with an 85% lower odds of viral suppression (95% CI=0.02-0.99) among those with <=80% adherence and a 66% lower odds among those with >80% adherence (95% CI=0.06-1.81).
CONCLUSIONS:
Food insecurity is present in half of the HIV-positive urban poor in San Francisco, one of the best resourced settings for HIV-positive individuals in the United States, and is associated with incomplete viral suppression. These findings suggest that ensuring access to food should be an integral component of public health HIV programs serving impoverished populations.
BACKGROUND AND OBJECTIVES
The urban poor are disproportionately affected by HIV. 1 Welldescribed barriers to antiretroviral treatment access and adherence among HIV-infected urban poor include substance use, mental illness, social stigma, provider trust, medication side effects, lack of social support, low patient self-efficacy, forgetting, and homelessness. [2] [3] [4] [5] [6] [7] An under-studied potential barrier to HIV treatment access and adherence in the urban poor is food insecurity. Food insecurity is defined as having uncertain or limited availability of nutritionally adequate or safe food or the inability to procure food in socially acceptable ways, 8 and is highly prevalent both among the urban poor, 9, 10 and among people living with HIV/AIDS. 8 There is growing recognition internationally that food insecurity may negatively effect HIV disease progression and antiretroviral treatment efficacy, particularly in resource-limited settings, but empirical data on this issue are lacking.
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Food insecurity adversely affects health behavior, functional health status, and health outcomes for several diseases other than HIV. [14] [15] [16] [17] [18] [19] [20] [21] Food insecurity is associated with poor physical and mental health among both children and adults, including worse self-reported health status, and higher rates of obesity, depression, diabetes, and heart disease. [14] [15] [16] [17] [18] [19] Food insecurity has also been found to be associated with postponing needed medications and care, and increased emergency department use and hospitalizations in the U.S. 20, 21 Effects of food insecurity on health outcomes and utilization persist even after controlling for other measures of socioeconomic status. 14, 15, 20 Food insecurity can affect health either directly or indirectly through the physiological impact of poor nutritional status, 22 and also through other social and behavioral mechanisms that influence or force choices and behaviors. 17 The impact of food insecurity on HIV treatment outcomes in North America is unknown. Several small studies from developing countries have found that people living with HIV/ AIDS cite lack of food as a barrier to antiretroviral treatment adherence [23] [24] [25] , but no studies have quantitatively assessed whether food insecurity is independently associated with poor adherence. Food insecurity may also impact HIV treatment outcomes through biologic mechanisms. Among 119 HIVinfected drug users in Florida, food insecurity was associated with HIV wasting, which is associated with poor clinical outcomes and poor virologic responses. [26] [27] [28] [29] Food may also impact antiretroviral pharmacokinetics, leading to sub-optimal drug levels and virologic rebound. 11, [30] [31] [32] To gain a better understanding of possible impacts of food insecurity on HIV RNA suppression in a North American setting, we conducted a cross-sectional study among 104 homeless and marginally housed participants receiving antiretroviral therapy as part of the Research on Access to Care in the Homeless Cohort (REACH). We hypothesized that food insecurity would be associated with poor virologic response among patients on antiretroviral therapy and that this association would be modified by adherence.
DESIGN, PARTICIPANTS AND SETTING
Participants were from the REACH Cohort of HIV-infected homeless and marginally housed adults systematically recruited from San Francisco homeless shelters, free-meal programs, and single room-occupancy hotels charging less than $600/month. 1, 33 Structured questionnaires were administered to participants at baseline and at three-month intervals. Interviews included information on socio-demographics, alcohol and drug use, sexual behaviors, health services utilization, overall health status, use of antiretrovirals, and use of medications for opportunistic infections. Viral load and CD4 counts were assessed on a quarterly basis for all participants, and unannounced pill counts were conducted monthly for a subset of participants to assess for adherence. Participants signed a written consent form at the onset of the study and were reimbursed $15 per interview.
In the first quarter of 2006, the Household Food Insecurity Access Scale (HFIAS) was introduced at REACH for a one-time cross-sectional study. Participants were included if they were on three antiretrovirals and receiving adherence monitoring by unannounced pill counts during that quarter. The data presented here refer to the REACH quarterly interview and viral load measurement that occurred within 60 days after the administration of the HFIAS, and the three nearest adherence pill counts after administration of the HFIAS. The UCSF Human Subjects Committee approved all study procedures.
PRIMARY DEPENDENT VARIABLE
The primary outcome was HIV viral suppression <50 copies/mL. Plasma was processed and stored at −40°C within 6 hours of collection. HIV-1 viral load determinations were made using the HIV-1 Amplicor Monitor Version 1.5 ultrasensitive assay (Roche Molecular Systems, Alameda, California, USA), with a lower limit of quantification of 10 copies/mL.
ART ADHERENCE
To determine the role of adherence in influencing the relationship between food insecurity and viral load suppression, adherence was controlled for in logistic regression analyses and was also examined as a possible effect modifier. Adherence was measured using unannounced pill counts as described elsewhere. 34 We chose this measure because unannounced pill counts do not interfere with the benefits of pill box organizers 35 and have been closely correlated with electronically monitored adherence (r =0.91) 36 , concurrent viral load (r =0.67) 34 , antiretroviral blood levels 37 , and progression to AIDS 38 . Pill counts were conducted in duplicate; if results did not match, a third pill count was done. Individuals were reimbursed $10 for each assessment. Pill count adherence was dichotomized as > 80% adherence versus <=80% adherence, reflecting the ability of more potent, currently recommended regimens to suppress HIV below the limit of detection at moderate levels of adherence.
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PRIMARY INDEPENDENT VARIABLE
Food insecurity was measured by the Household Food Insecurity Access Scale (HFIAS), which was previously developed based on validation studies in eight countries including the United States. [41] [42] [43] [44] Validation studies have demonstrated that the HFIAS is able to distinguish food secure from insecure households across different cultural contexts. Questions represent universal domains of the household food insecurity experience and can be used to assign households and populations along a continuum of severity, from food secure to severely food insecure. The questions cover three domains of the experience of food insecurity: (1) anxiety and uncertainty about food supply, (2) insufficient quality (includes the variety and preferences of the type of food), and (3) insufficient food intake and its physical consequences. Scores range from 9 to 27; higher scores reflect more severe food insecurity. 41 Since we postulated that the effects of food insecurity on viral suppression would be most notable for severely food insecure persons, food security was dichotomized as severely food insecure versus all other categories. Covariates for the study included age (continuous), sex (male/female), race (white versus non-white), income (>= versus < population median), education (>= versus < high school diploma), employment (employed versus unemployed), recent homelessness (sleeping on the street or shelter in past 90 days), drug use over the past 30 days, injection drug use over the past 30 days, nadir CD4 count (continuous + 50 cells), problem drinking (greater than an average of 14 drinks/week for men and 7 drinks/week for women in accordance with the National Institute of Alcohol Abuse and Alcoholism's definition for risky drinking), and incarceration over the previous 30 days. Depression was assessed by the BDI version II (continuous variable), which has proven to be a reliable and valid measurement of depression in different populations including homeless populations. [45] [46] [47] [48] We also controlled for current regimen type (fully suppressive regimen including ritonavir-boosted PI regimens and NNRTI regimens versus non-fully suppressive regimen including non-boosted PI regimens and triple NRTI regimens), prior months on any HAART before study entry, and mono/dual NRTI exposure prior to HAART.
ANALYSIS
We used multivariable logistic regression to determine factors associated with viral load suppression. Data were analyzed using SAS software (SAS Institute, Cary, North Carolina, Version 8). We tested the association between food insecurity and viral suppression with and without adherence (>80% adherence versus <=80% adherence) to determine whether adherence influenced the relationship between food insecurity and viral suppression. To assess whether adherence was a possible effect modifier, additional post-hoc models were run stratified by adherence (>80% versus <=80%). To assess other possible mechanisms for the relationship between food insecurity and viral suppression, separate models were run stratified by regimen type, and also by high (>200) versus low (<=200) CD4 to assess the possibility that the relationship between food insecurity and viral suppression was confounded by disease stage. Regression diagnostic procedures yielded no evidence of multi-collinearity or overly influential outliers in any model.
RESULTS
Participant Characteristics
REACH had 294 participants in early 2006; 173 were on ART and of these 104 were receiving adherence monitoring with unannounced pill counts and were included in the study. The mean age was 46.5 (SD 9), 33% of participants were white, 64% were male, and 66% completed high school (Table 1) . Fifty-three participants were food secure (51%), 26 were severely food insecure (25%), and the remainder (24%) were either mildly or moderately food insecure. Seventy-three percent had ever received food aid, and of those, 86% had food aid in the previous 30 days. Seventeen participants were on NNRTI-based regimens, and 73 were on ritonavir-boosted PI regimens for a total of 90 participants (87%) on fully suppressive regimens. The remaining participants were either on single-PI (n = 13) or triple NRTI regimens (n = 1). Fifty-six percent had >80% adherence as assessed by pill counts, and 56% had undetectable viral loads.
Comparing participant characteristics by food security status, participants who were severely food insecure were more likely to have <=80% adherence, to have detectable HIV RNA, to be depressed, and to report drug use over the past 30 days (Table 1) . Examining the distribution of food security status by adherence quintile, participants who were severely food insecure comprised a lower proportion of those with >=80% adherence, and a higher proportion of those with adherence between 20-39%, 40-59%, and 60-79% (Fig. 1) . 
Correlates of HIV Viral Suppression
In unadjusted analyses (Table 2) , the odds of viral suppression was 70% lower among participants who were severely food insecure compared to those who were not severely food insecure (odds ratio (OR)=0.31, 95% confidence interval [CI] 0.12-0.79). Participants who had >80% adherence and those with higher nadir CD4s also had higher odds of VL suppression. In adjusted analyses without adherence (Table 2 Column 2), severe food insecurity was associated with 79% lower odds of viral suppression (adjusted odds ratio (AOR)=0.21, 95% CI= 0.06-0.72) when controlling for all other covariates. Nadir CD4 remained associated with viral suppression (AOR=1.26 per 50 cells, 95% CI=1.06-1.51). Being on HAART for a longer time prior to study entry was also associated with higher odds of viral suppression (AOR = 1.07 per each three months on HAART, 95% CI=1.01-1.14), and having received mono or dual NRTI regimens prior to initiating HAART was associated with lower odds of viral suppression (AOR=0.13, 95% CI= 0.02-0.92).
In separate models including the same variables, but also adjusting for adherence >80% (Table 2 , column 3), the association between food insecurity and viral load suppression remained unchanged (AOR=0.23, 95% CI-0.06-0.82). Higher adherence was associated with 5.9 times the odds of viral suppression (95% CI=1.81-19.5), and previous NRTI use was no longer significantly associated with HIV viral suppression. There were no other appreciable changes in associations with HIV viral suppression. In separate models, controlling for adherence as a continuous variable (not shown), associations between food insecurity and HIV viral suppression were similar (AOR=0.28, 95% CI 0.09-0.87).
Correlates of HIV Viral Suppression Stratified by Adherence Status
Among individuals with <=80% adherence, severe food insecurity was associated with 85% lower odds of viral suppression (AOR=0.15, 95% CI=0.02-0.99, see Table 3 ). On the other hand, among individuals with >80% adherence, food insecurity was associated with a 66% lower odds of viral suppression and the association was not statistically significant (AOR= 0.34, 95% CI= 0.06-1.81). Among individuals with lower adherence, higher nadir CD4 significantly increased odds of viral suppression, but this association was not seen for those with >80% adherence. Finally, in stratified models, months on HAART was only significantly associated with higher odds of viral suppression for individuals with higher adherence.
Impact of Regimen Type and CD4 Cell Counts
To explore mechanisms other than adherence for how food insecurity could be associated with viral suppression, we also looked at associations between food insecurity and viral RNA suppression stratified by regimen type. For participants on PI- based regimens (n=86), the association between severe food insecurity and viral suppression when controlling for adherence was similar as that in the entire sample, with an odds ratio of 0.29 (95% CI=0.09-0.93). Because nelfinavir drug levels are particularly increased by concurrent food intake, we examined associations to see if they were significant without nelfinavir-treated patients. When we excluded the few patients receiving nelfinavir (n=6), associations between food insecurity and viral load suppression did not change appreciably. On the other hand, for the minority of participants on NNRTI based regimens (n=17), we were insufficiently powered to detect such associations. Finally, in separate models stratified by low (<200) versus high (>=200) CD4 cell counts, we found that associations between food insecurity and incomplete HIV RNA suppression were similar in both groups.
DISCUSSION
We found that half of urban poor HIV-infected individuals in a particularly well-resourced North American setting were food insecure, and that food insecurity independently increases the risk of incomplete viral suppression. The prevalence of food insecurity in this study is consistent with Norme ¶n's estimate that 48% of individuals on antiretrovirals in a drug-treatment program in Vancouver are food insecure. 8 The consistency in two well-resourced settings with well-established public health delivery systems suggests that food insecurity may be a significant problem in other North American settings as well. We also found that severe food insecurity was associated with nearly 80% lower odds of viral suppression when controlling for other covariates. This suggests that ensuring consistent access to food may be an important and neglected intervention to improve antiretroviral treatment effectiveness. These findings support recommendations by the World Health Organization, UNAIDS, the World Food Program, and other international organizations that interventions addressing food insecurity should be integrated with HIV/AIDS programming activities where possible. [11] [12] [13] While there is a growing international concern that food insecurity may compromise treatment effectiveness in emerging antiretroviral treatment programs in developing countries, our findings suggest that food insecurity may compromise treatment efficacy even in well-resourced settings. The finding that food insecurity is independently associated with viral suppression adds to the body of literature suggesting that non-medical services, such as access to food, adequate housing 49 and case management, 50 impact upon HIV clinical outcomes and should be considered as part of comprehensive HIV care packages. Adherence modified the association between food insecurity and HIV RNA suppression; for individuals who were less adherent, severe food insecurity was associated with an 85% reduction in the odds of viral suppression. For individuals with >80% adherence, there was still a 66% reduction in the odds of viral suppression for individuals who were severely food insecure, but this association was no longer significant. Given the small sample, we can not exclude an association for more adherent individuals. These findings, however, suggest that food security interventions may exert the largest impacts in terms of treatment efficacy on food insecure individuals with low levels of adherence.
Food insecurity was associated with non-adherence in a non-linear fashion. People with severe food insecurity were more likely to have 20-80% adherence than those who were not severely food insecure. The finding that food insecurity is associated with lower levels of adherence is especially important given that these lower ranges of adherence (<80%) are more likely to be associated with incomplete viral suppression with currently used regimens. 39, 40 Our data suggest that the association between food insecurity and viral suppression is not explained by difference in average monthly adherence. Unannounced pill count adherence is one of the best available adherence measurement strategies, yet it does not pick up patterns of adherence including treatment interruptions, which are associated with viral rebound within defined strata of average adherence. 51 Food insecurity may also impact viral suppression through biologic mechanisms. While not explicitly examined in this study, once such mechanism is that food may impact the pharmacokinetics of antiretroviral medications. The association between food insecurity and viral suppression was strong for individuals using PI-based regimens. Several protease inhibitors such as nelfinavir and ritonavir require food for maximal absorption, and the absence of food may negatively affect the pharmacokinetics of these drugs. 31, 32, 52 Given that only a minority of participants in this study were receiving NNRTIs, larger studies with more patients on NNRTIs will help determine whether regimen type modifies the association between food insecurity and HIV RNA suppression. Nutritional status is another putative mechanism for how food insecurity may be associated with incomplete viral suppression and poor clinical outcomes. Malnutrition is a potential consequence of food insecurity, 53 and studies have shown that low body mass index (BMI) and weight loss are associated with both higher HIV RNA levels and mortality for individuals on HAART.
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As we did not assess BMI or other nutritional parameters in this population, we cannot infer the extent to which poor nutritional status or HIV wasting may have contributed to the association between food insecurity and viral suppression. There were several important limitations to this study. The cross-sectional design does not demonstrate causality. One possible interpretation of our findings is that individuals who were sicker as a result of poor virologic response subsequently had difficulties procuring food. Yet, we found that the impact of food insecurity on VL suppression was similar among people with higher CD4 counts making this possibility less likely. We could not determine the role of malnutrition on mediating relationships between food insecurity and VL suppression. In addition, socioeconomic status is a complex and multidimensional construct and may not be completely represented by income, education, employment and housing status. Finally, because of the small sample, cross-sectional design and the fact that we measured average adherence rather than patterns of adherence, including treatment interruptions, we were unable to determine whether adherence was on the causal pathway between food insecurity and viral load suppression. Longitudinal or intervention studies using larger sample sizes with detailed measures of patterns of adherence are, therefore, needed to better understand the relationships between food insecurity, antiretroviral adherence and HIV RNA suppression. In summary, food insecurity was associated with incomplete viral suppression in the urban poor of San Francisco, one of the best-resourced settings for HIV-positive individuals in the world. The impact of food insecurity on viral suppression may be due to the combined effect of behavioral (adherence) and biologic (pharmacokinetics) mechanisms that lead to suboptimal drug levels required for viral suppression. These findings suggest that addressing fundamental human needs, such as access to food, should be an integral component of HIV programs serving impoverished populations in the United States.
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